per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 
COW 189/00, A61K 37/04 



Al 



(11) International Publication Number: WO 94/01508 

(43) International Publication Date: 20 January 1994 (20.01.94) 



(21) International Application Number: 

(22) International Filing Date: 



PCT/US93/06375 
6 July 1993 (06.07.93) 



(30) Priority data: 
07/908,474 



6 July 1992 (06.07.92) 



US 



(60) Parent Application or Grant 
(63) Related by Continuation 
US 

Filed on 



07/908,474 (CIP) 
6 July 1992 (06.07.92) 



(71)(72) Applicant and Inventor: KOWANKO, Nicholas [AU/ 
US); 618 South Fifth Street, Moorhead, MN 56560 (US). 



(74) Agents: GOLDMAN, Philip, M. et al.; Fredrikson & Byr- 
on, 1100 International Centre, 900 Second Avenue 
South, Minneapolis, MN 55402-3397 (US). 



(81) Designated States: AT, AU, BB, BG, BR, CA, CH, DE, 
DK, ES, FI, GB, HU, JP, KP, KR, LK, LU, MG, MN, 
MW, NL, NO, PL, RO, RU, SD, SE, US, European pa- 
tent (AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, 
CI, CM, GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: ALDEHYDE-CURED PROTEINACEOUS ADHESIVE 



(57 street 



An adhesive composition primarily intended as a tissue adhesive, comprised of proteinaceous material and a di- or poly- 
aldehyde, and methods for its use. 



\ 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify Slates party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


FR 


France 


MR 


Mauritania 


AU 


Australia 


CA 


Gabon 


MW 


Malawi 


BB 


Barbados 


CB 


United Kingdom 


NE 


Niger 


BE 


Belgium 


CN 


Guinea 


NL 


Netherlands 


BF 


Burkina Faso 


CR 


Greece 


NO 


Norway 


BC 


Bulgaria 


HU 


Hungary 


NZ 


New Zealand 


BJ 


Benin 


IE 


Ireland 


PL 


Poland 


BR 


Brazil 


IT 


Italy 


PT 


Portugal 


BV 


Belarus 


JP 


Japan 


RO 


Romania 


CA 


Canada 


KP 


Democratic People's Republic 


RU 


Russian Federation 


CF 


Central African Republic 




of Korea 


SD 


Sudan 


CG 


Congo 


KR 


Republic of Korea 


SE 


Sweden 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


Cole d'l voire 


LI 


Liechtenstein 


SK 


Slovak Republic 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LU 


Luxembourg 


TD 


Chad 


cs 


Czechoslovakia 


LV 


Latvia 


TC 


Togo 


CZ 


Czech Republic 


MC 


Monaco 


UA 


Ukraine 


DE 


Germany 


MC 


Madagascar 


US 


United Slates of America 


DK 


Denmark 


ML 


Mali 


UZ 


Uzbekistan 


BS 


Spain 


MN 


Mongolia 


VN 


Viet Nam 


PI 


Finland 











WO 94/01508 



PCI7US93/06375 



"ALDEHYDE-CURED PROTEINACEOUS ADHESIVE". 

V\p^ nf the Tnvention 
This invention relates to adhesive compositions generally, and more 
10 particularly to tissue adhesives useful in the practice of medicine and surgery on 
human or animal subjects. 

Description of the Related Art 
Various types of tissue adhesives are known in the art. Three of these, 
namely the cyanoacrylates, gelatin-formaldehyde compositions, and fibrin based 
15 glues, have received the most attention. For example, fibrin (a blood-clotting 
protein) and gelatin-formaldehyde have each been used in surgical adhesive 
applications, as have cyanoacrylates. Such adhesives work to a limited degree but 
have drawbacks as indicated below. 

Several cyanoacrylates have been investigated for surgical use. For 
20 instance, some isobutyl cyanoacrylate formulations have been approved for 

veterinary use. Typically, monomer or a mixture of oligomers and/or monomer is 
applied to the site to be bonded where it rapidly polymerizes forming an adherent 
solid. One disadvantage of cyanoacrylate glues is that they require a dry field. 
Another is that the solid produced is non-absorbable, which limits the usefulness 
25 of the glue in internal applications. Also, the polymerization tends to be quite 
exothermic and adverse tissue response has been reported. See, for example, 
Bonutti, P. et al., Clinical Orthopedics and Related Research, Vol. 229, pages 
241-248 (1988); Nelson, R. et al., Arch. Surg. Vol. 100, pages 295-298 (1970); 
and Celik, H., et al., "Nonsuture closure of arterial defect by vein graft using 
30 isobutyl-2 cyanoacrylate as a tissue adhesive." Journal of Neurosurgical Sciences 
Vol. 35, No. 2 (April-June 1991). 

Glues based on gelatins that are cross-linked with formaldehyde have been 
used experimentally, principally in Europe, since about 1964. Of the several 
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formulations that have been proposed, one that is referred to as "GRF" (gelatin, 
resorcinol, formol) is perhaps best known. Hot solutions of gelatin are mixed in 
situ with a curing agent consisting primarily of formaldehyde solution. The 
mixture rapidly sets to a solid which adheres to tissues. The chief objection to 
5 GRF glues has been the obligatory use of formaldehyde, a known hazardous 
material. Also, the gelatin must be applied hot, significantly above body 
temperature, and the techniques of mixing and application are quite critical for 
successful use of GRF. See, for example, Fabiani, et aL, Ann. Thorac. Surg. 
143-145 (1990); Fabiani, et aL, Supplement I Grculation Vol. 80, No. 3 

10 (September 1989); Bachet, et aL, 7. Thorae. Cardiovasc. Surg. Vol. 83 (1982), 
and Braunwald, et aL, Surgery Vol. 59, No. 6 (June 1966). 

Fibrin glues employ the natural processes of blood clot formation to 
generate an adhesive or sealant composition. One commercial product is 
"Tussicol®", available from Rugis, France. Another is "Fibrin Sealant Kit 1.0" 

15 available from Osterreichisches Institut for Haemoderivate, GMBH (subsidiary of 
Immuno GA, A-1220, Vienna, Austria). In the use of fibrin glues, two 
components are typically combined to form an artificial blood clot. One of the 
components is a solution of fibrinogen and blood clotting factors such as Factor 
XIII, and the other is primarily a solution of thrombin and calcium ion. 

20 Disadvantages of fibrin glues include their very low strength (generally less than 
50 g/cm 2 ) and relatively slow set up time. Also, the use of blood products 
(fibrinogen and co-factors) from multiple human donors presents an inherent risk 
of transmitting certain diseases to the patient. Procedures have been proposed for 
using autologous blood to prepare fibrin sealant. See, for instance, Japanese Pat. 

25 No. 57149-229, Issued September 1982. 

Summary of the Invention 
The present invention provides an adhesive prepared by curing a 
composition comprising a protein component and a di- or polyfunctional aldehyde 
30 component. The cured adhesive preferably provides a bond that demonstrates a 
tear strength of at least about 75 g/cm 2 in a Tissue Adherence Test. In another 
embodiment, the invention provides a kit comprising protein and aldehyde 
components useful for the preparation of such a composition. In yet another 
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embodiment the invention provides a tissue adhesive composition, per se. 

comprising protein and aldehyde components. 

The adhesive of the present invention provides an optimal combination of 

such properties as strength, ease of use, tissue compatibility, and cost. A 
5 preferred adhesive of the invention is of high strength, stronger than sutures for 

example. The preferred composition is capable of creating a non-toxic bond in 30 

seconds or less, and works well under even wet conditions. 

The protein component of the present composition preferably comprises 

proteinaceous material of human or animal origin. Upon cross-linking the 
10 proteinaceous material with aldehyde, the resultant adhesive provides strong and 

rapid bonding to a wide range of substrates of natural or synthetic origin, 

providing a broad range of possible applications. Thus the composition of the 

present invention is capable of being cured to form an adhesive that can bond to 

living tissues, including muscle, skin, connective tissue, nerve tissue, vascular and 
IS cardiac tissue, adipose tissue, cartilage, bone, and the like, as well as to 

corresponding cadaver tissues, which may be preserved or otherwise chemically 

treated. 

A strong bond can also be formed to natural or synthetic materials, e.g., to 

attach biocompatible materials, in order to attach them to other such materials as 
20 well as to tissue. Examples of suitable materials include leather and leather like 

materials, metals, and polymeric materials. 

Examples of suitable leatherlike materials include coated and uncoated 

woven and unwoven fabrics (e.g., vinyl-coated or urethane-coated fabrics), and 

poromerics (i.e., "synthetic leather"). 
25 Examples of suitable metals include biocompatible metals such as nickel, 

silver, stainless steel, and aluminum, as well as metallized substrates such as inert 

polymeric materials coated with noble metals. 

Examples of suitable polymeric materials include polymers such as 

poly(vinyl chloride), polyethylene, ultrahigh molecular weight polyethylene, 
30 polypropylene, polystyrene, silicone rubber, polycarbonate, polyester, 

polytetrafluoroethylene, fluorinated ethylene-propylene copolymers, polyolefin 

rubber, polyurethane, polyvinyl alcohol), poly(acrylonitrile), polycacrylamide, 

polyacrolein, polysulfone, regenerated cellulose and cellulose acetate, poly (methyl 
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methacrylate), methyl methacrylate-styrene copolymer, poly((hydroxyethyl 
methacrylate), and so on. 

Such materials are typically used for the manufacture of permanent or 
disposable medical articles such as extracorporeal devices, catheters, tubing, 
5 prostheses (including vascular graft prostheses) and other artificial body parts and 
organs, membranes, surgical tapes, gauzes, bandages, and patches, sutures, 
shunts, cements, fixation devices, connectors and other medically useful 
components. 

Examples of suitable materials useful include, for instance, woven dacron 
10 vascular prosthesis material (e.g., VERI-SOFT, DuPont); PTFE foam vascular 

prosthesis material (e.g., available from Gore Co.); gum rubber urinary catheter 

tubing; silicone rubber clad electrodes and leads for cardiac implantation (as 

available from Cardiac Pacemakers, Inc., St. Paul, MN). 

Compositions of the present invention can be used, for instance, for the 
15 attachment of surgical grafts and devices, as well as for wound closure, trauma 

repair, hemostasis, and the like in the practice of human or veterinary medicine. 

Non-medical applications of the adhesive are also included within the scope of the 

invention. 

In addition to the cured adhesive and related composition, the present 
20 invention further provides a method of preparing the adhesive composition; a 
method of adhering a plurality of tissue and/or biocompatible material surfaces 
together by use of the composition; and a combination comprising tissue surfaces 
adhered together by a cured adhesive of the present invention. 

25 Description of the Preferred Embodiments 

The present invention provides an adhesive composition comprising an 
admixture of a plasma protein and a di- or polyfunctional aldehyde. In another 
embodiment, the invention provides an adhesive composition comprising an 
admixture of a globular protein and a di- or polyfunctional aldehyde, wherein a 

30 preferred globular protein is an albumin. Preferred adhesive compositions of the 
invention, when cured* have a tear strength of at least about 75 g/cm 2 , and 
preferably at least about 400 g/cm 2 , as measured in a Tissue Adherence Test. 
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A preferred adhesive composition is one in which the protein component is 
present at a concentration of between about 27% and about 53% by weight, based 
on the weight of the composition, and the aldehyde component is present at a 
concentration of between about 0.5% and about 5% by weight of the composition. 
5 In another embodiment, the invention provides an adhesive compositions 

comprising a sterile admixture of a proteinaceous material and a di- or 
polyfunctional aldehyde, wherein the proteinaceous material is selected from the 
group consisting of a plasma protein and a globular protein. 

In yet another embodiment, the invention provides a kit comprising a first 

10 container means having plasma or globular protein disposed therewithal and a 
second container means having a di- or polyfunctional aldehyde disposed 
therewithin. In a preferred embodiment, the kit comprises a first container means 
having a plasma protein component disposed therewithin in a concentration of 
between about 30% to 55% by weight, and a second container means comprising a 

15 di- or polyaldehyde component disposed therewithin in a concentration of between 
about 5% and about 15% by weight, the protein and aldehyde components being 
present in amounts sufficient to allow the mixing of one part by weight of 
aldehyde component with between 5 and 60 parts by weight of protein component. 
In a related embodiment, the invention provides an applicator for delivering 

20 an adhesive composition to a tissue surface, the applicator having a proteinaceous 
material and a di- or polyfunctional aldehyde disposed therewithin. Preferably, the 
applicator is a syringe. 

The applicator optionally comprises first and second separate 
compartments, the proteinaceous material being disposed within the first 

25 compartment and the aldehyde being disposed within the second compartment of . 
the applicator. 

A preferred adhesive of the present invention is prepared by forming, on or 
in the presence of a surface or surfaces to be bonded, a composition comprising: 
Part A, comprising a protein present at a concentration of between 
30 about 27% and about 53% by weight of the composition; and 

Part B, comprising a di- or polyaldehyde present at a concentration 
of between about 0.5% and about 5% by weight of the composition. 
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The preferred concentrations of ingredients can also be expressed in terms 
of their concentrations in the respective kit components, i.e., prior to the 
combination of those components to form a composition. When expressed in 
terms of kit components, kit component Part A preferably comprises protein at a 

5 concentration of between about 30% and about 55%, more preferably between 
about 35% and about 47%, and most preferably between about 40% and about 
43% by weight, based on the weight of kit component Part A. 

Similarly, kit component Part B preferably comprises a di- or polyaldehyde 
present at a concentration of between about 5% and about 15%, and preferably 

10 between about 10% and about 15% by weight of kit component Part B. The kit 
preferably contains Parts A and B in sufficient concentrations and amounts to 
allow mixing of one part of Part B with between about 5 to 60 parts of Part A, 
and preferably between about 20 to 60 parts of Part A, by weight. 

Optionally, both Parts A and B can contain other, non-essential ingredients 

15 to make up the balance of the composition. Examples of such non-essential 
materials are neutral salts, carbohydrates, fibers and miscellaneous biological 
materials, wetting agents, antibiotics, preservatives, dyes, thickening agents, and 
the like. Upon mixing Parts A and B, the proteinaceous material in the plasma 
protein component is cross-linked by the aldehyde component in order to form a 

20 cured adhesive. 

The final cross-linked cured adhesive is typically in the form of a water 
insoluble, rubbery or leathery proteinaceous solid that is substantially free of 
aldehydes. A suitable adhesive is typically adherent to the substrate to be bonded 
with a tear strength between about 75 g/cm 2 and about 800 g/cm 2 , as determined 

25 in a Tissue Adherence Test, as described more fully in the EXAMPLES below. 

Preferred adhesives of the invention demonstrate a tear strength between about 100 
g/cm 2 and about 500 g/cm 2 , and particularly preferred are those that demonstrate a 
tear strength between about 250 g/cm 2 and about 400 g/cm 2 . By comparison, 
typical tear strengths demonstrated by other materials in comparable Tissue 

30 Adherence Tests are as follows: 
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Material 

prolene suture (5-0) 
cyanoacrylate adhesives 
n GRF n glue 
fibrin sealants 



Tissue adherence (p/sq cm ) 
about 300 



130 to 360 



130 to 280 



7 to 16 



bovine fibrinogen (6.7 wt%) 



about 25 



10 



15 



20 



25 



Bonding (i.e., mixing of the kit components in order to form a composition 
that cures to an adhesive) is achieved by combining the two part system (the parts 
being referred herein as Part A and B, respectively), and allowing the mixture to 
react on the surface or surfaces to be bonded. Bond formation is rapid, generally 
requiring less than one minute to complete. The resulting adhesion is strong, 
generally providing bonds with tear strengths of about 400 g/cm 2 to about 600 
g/cm 2 . The term "tear strength 11 will be used interchangeably herein with the term 
"tissue adherence", as determined by the Tissue Adherence Test described herein. 
Tear strengths of 1300 g/cm 2 and more have been obtained by using this 
invention. The upper limits of tear strength have not been determined, and they 
are not intended to be interpreted as limiting the invention. 

Part A of the presently claimed composition preferably comprises an 
aqueous solution containing between about 30% and about 55% by weight of a 
plasma protein component. At concentrations below about 30%, the cured product 
is more likely to form curds in suspension, rather than a homogeneous mass, and 
adhesive properties will be poor. At concentrations greater than about 55%, the 
composition tends to cure too quickly when the protein and aldehyde components 
are mixed. Concentrations, as expressed herein, are based on the lyophilized 
weight of the various solid components described. 

In a preferred embodiment, kit component Part A comprises between about 
35% and about 55% by weight of the plasma protein component, and in 
particularly preferred embodiment, between about 40% and about 43% by weight. 
The balance of Part A is typically an inert vehicle, for instance, water, dilute 
buffer, and/or saline solution, optionally containing non-essential materials which 
do not significantly interfere with the adhesive forming reaction. Examples of 
such non-essential materials are neutral salts, carbohydrates, fibers and 
miscellaneous biological materials, wetting agents, antibiotics, preservatives, dyes, 



WO 94/01508 



PCT/US93/06375 



-8- 

thickening agents, and the like. For example, non-essentials such as fibrinogen or 
polyethylene glycol) as shown in EXAMPLES 5 and 19 and in 9 respectively, 
hereof may be included. 

Kit component Part B, used to prepare the presently claimed composition, 

5 preferably comprises a solution of a di-or polyaldehyde in water or other suitable 
medium. Glutaraldehyde as a 5% to 15% (and preferably a 10% to 15%) solution 
is preferred, but other aldehyde materials are also suitable. For instance, where 
the aldehyde component comprises a dialdehyde, suitable dialdehydes are selected 
from the group consisting of glyoxal, succinaldehyde, malealdehyde, and 

10 phthalaldehyde, in addition to glutaraldehyde. Thus, aqueous glyoxal is 

satisfactory for Part B, as are aqueous mixtures of di-and polyaldehydes obtained 
by oxidative cleavage of carbohydrates and their derivatives with periodate, ozone, 
or the like. Other water soluble di- and/or polyaldehydes will be readily 
recognized as useful for the purpose of this invention. 

15 When a suitable mixture of Parts A and B is allowed to react on a surface 

or surfaces to be bonded, an adherent composition forms, generally in less than 
one minute, and often within 30 seconds or less. A wide range of substrates can 
be bonded by this process, as previously indicated. No significant exotherm is 
observed, and good adhesion is obtained to wet surfaces, thus providing a wide 

20 range of usefulness for the invention. 

As a surgical adhesive, the preferred composition of the invention provides 
a cured adhesive that has a bonding strength that is many times stronger than 
conventional fibrin adhesives and traditional sutures. Several experimental 
surgical procedures were successfully carried out (in a porcine model) using the 

25 adhesive composition. For instance, a perforated aorta and bowel were repaired 
by gluing patch materials to the lesions, and hemostasis was quickly achieved in a 
resected spleen by application of the adhesive. 

As previously stated, the usefulness of the claimed composition is provided 
by the mixing of kit components Parts A and B. The properties of the 

30 composition and resultant adhesive are determined largely by the protein type and 
content of Part A and the type and weight ratio of aldehyde component in Part B. 
The manner in which the bonding composition is actually mixed in practice (i.e., 
immediately prior to cure) is not a limiting factor, and may vary with the intended 
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use. Preferred ranges of concentrations for Parts A and B which on mixing 
produce the bonding composition will be discussed below as well as in the 
EXAMPLES. 

As described above, Part A of the adhesive composition preferably 

5 comprises a substantially aqueous solution of either ovalbumin or a plasma protein 
component, e.g., proteinaceous material of human or animal origin. A preferred 
protein source for use as Part A is a plasma protein selected from the group 
consisting of concentrated serum, serum albumin, and combinations thereof. 
Albumins including ovalbumins are preferred proteins, and serum albumins of 

10 human or other animal origin are particularly preferred. 

The proteinaceous material may be provided as a purified protein or in a 
mixture in which the proteins such as serum albumins are the predominant 
ingredients. For instance, the presence of a small amount of the plasma 
component fibrinogen (e.g., between about 1% and 20%, and preferably between 

15 about 1 % and about 10%, by weight of Part A) , has been found to improve the 
adhesive properties of a cured composition of the present invention. For example, 
the solid mixtures obtained by dehydration of blood plasma or serum, or of 
commercial solutions of stabilized plasma proteins, can be used to prepare Part A. 
These mixtures, generally referred to as plasma solids or composite to serum 

20 solids, typically contain albumins as their major ingredients, of the order of about 
50% to about 90% by weight. As used herein, the term "plasma" refers to whole 
blood from which the corpuscles have been removed by centrifugation. The term 
"serum" refers to plasma that has additionally been treated to prevent agglutination 
by removal of its fibrinogen and/or fibrin, or by inhibiting the fibrin clot 

25 formation through addition of reagents such as citrate or EDTA. 

Part B of the adhesive composition preferably comprises a substantially 
aqueous solution of di- or polyaldehydes. A wide range of these substances exist, 
and their usefulness is restricted largely by availability and by their solubility in 
water. For example, aqueous glyoxal (ethandial) is useful, as is aqueous 

30 glutaraldehyde (pentandial). Water soluble mixtures of di- and polyaldehydes 

prepared by oxidative cleavage of appropriate carbohydrates with periodate, ozone, 
or the like are also useful. Glutaraldehyde is the preferred dialdehyde ingredient 
of Part B. 
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When Parts A and B are brought together as described in the Examples 
hereinbelow, the resultant product rapidly hardens to a strong leathery or rubbery 
material within a short time of mixing, generally on the order of about 15 to about 
30 seconds. Strong adhesion results if the adhesive composition is present on one 

5 or both surfaces to be bonded and the surfaces are brought together before the 
bond hardens. Full bond strength is generally attained in less than a minute but 
those familiar with this art will recognize that manipulating variables such as the 
particular ingredients used as Parts A and B, temperature, and so forth can be 
used to affect the rate of bond formation. For instance, markedly reduced cure 

10 rates are observed when di- or polyaldehydes derived by oxidative cleavage or 
carbohydrates are used as Part B. Likewise, when Part A is based on plasma 
solids, full bond strength is generally obtained about twice as fast as when purified 
bovine serum albumin is used. 

As described herein, effective bonding results when a preferred 

15 composition including Parts A and B falls within the acceptable range specified 

above, that is, between about 27% and about 53% by weight of protein, as well as 
the requisite amounts of dialdehyde and water. However, if the composition is to 
be produced by mechanically mixing Parts A and B on the surface(s) to be 
bonded, there are some preferred ranges of concentration within which Parts A 

20 and B should fall to facilitate the mixing. Thus, it is preferred to use protein 

solutions (Part A) with a solids content of between about 30% and about 50% by 
weight of Part A, and to mix these with dialdehyde solutions (Part B) of between 
about 5% and about 15% by weight of Part B. 

When generating the adhesive compositions of this invention, the Parts A 

25 and B can be pre-mixed and applied to the surface(s) to be bonded immediately 
following mixing by means of a syringe, catheter or other device. Alternatively, 
the Parts A and B can be applied simultaneously, as for example from a dual 
nozzle device and mixed on the surface(s) to be bonded. Sequential application of * 
Parts A and B to the surfaces is also satisfactory, with the sequence B, and A, 

30 then B preferred. 

In a particularly preferred embodiment it is most convenient to mix Part A 
(containing between about 40% and about 43%, by weight, plasma proteins) with 
Part B (containing between about 5% and about 15% by weight glutaraldehyde or 
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other di- or polyaldehyde). However, in some applications it may be preferable to 
deviate from the above concentrations of A and B, provided, however, that the 
composition of the resulting mixture remains within the limits specified earlier. It 
is also convenient in some applications to use a slight excess of B, since unreacted 

5 material can be readily neutralized after the bond is formed. Dilute solutions of 
proteins, peptides, or amino acids, for instance, applied at about 5% concentration 
are suitable for the purpose of neutralizing excess aldehyde component. 

In their preferred embodiments, kit component Part A is typically a pasty 
material and Part B is typically liquid. When combined, a honey-like composition 

10 (in terms of both appearance and consistency) is preferably obtained. 

In addition to the presently described cured adhesive and related kit and 
composition of the present invention, the present invention further provides a 
method of preparing a tissue adhesive comprising the steps of (a) providing a 
composition as described herein comprising a protein component and a di- or 

15 poly functional aldehyde component, and (b) curing the composition to form an 
adhesive. Preferably the protein component is a plasma protein and the cured 
composition is capable of providing a bond that demonstrates a tear strength of at 
least about 75 g/cm 2 in a Tissue Adherence Test. 

Part A can be prepared by dissolving in water the dry proteinaceous solids, 

20 optionally containing non-essential materials, or the solids may be dissolved in 
water which may optionally contain said non-essentials. The dry proteinaceous 
solids may be prepared by lyophilization of dilute proteinaceous solutions such as 
plasma or serum, or of commercial plasma extenders such as Plasma-Plex® 
(Plasma-Plex Plasma protein fraction (human) USP 5% solution, heat treated, 

25 Armour Pharmaceutical Company, Kankakee, Illinois 60901) or Plasmanate® 

(Plasma protein fraction (human) USP 5% solution Miles, Inc. Cutter Biological, 
Elkhart, Indiana 46515, USA, Miles Canada, Inc., Etobiocoke, Ontario Canada), 
which are stabilized, reconstituted solutions of plasma proteins containing about 
5% protein by weight, or of other appropriate solutions. Purified protein powders 

30 such as human or animal serum albumins, ovalbumin, or mixtures of protein 
powders may also serve to prepare Part A. 

An alternative route to the preparation of Part A is the concentration of 
dilute proteinaceous solutions to the required solids content. This approach is 
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particularly useful for the preparation of adhesive from a patient's own blood or 
from screened blood obtained from a single donor. Many techniques are available 
for concentrating protein solutions and they are well known by those skilled in the 
art. Among them may be listed lyophiiization and reconstitution (mentioned 

5 above), evaporation, contact with hygroscopic solids, dialysis, ultrafiltration, and 
vacuum centrifugal evaporation. Other methods of concentrating dilute solutions 
may be preferable in particular applications. 

In addition to the presently described cured adhesive and related 
composition of the present invention, the present invention further provides a 

10 method of adhering a plurality of tissue and/or tissue-contacting surfaces together 
by use of the composition. The method comprises the steps of (a) applying to one 
or more tissue surfaces a composition comprising a protein component and a di- or 
polyfunctional aldehyde component, the composition being capable of being cured 
to provide an adhesive bond, (b) contacting the surfaces, and (c) curing the 

15 composition in order to adhere the surfaces. Preferably the protein component is a 
plasma protein and the cured composition demonstrates a tear strength of at least 
about 75 g/cm 2 in a Tissue Adherence Test. In the practice of the method the 
components of the composition can be applied sequentially to the surface and 
mixed together in situ to form the composition. In the alternative, the components 

20 can be mixed together to form the composition prior to its application to the tissue 
surface. 

The invention therefore provides, in one aspect, a method of bonding a 
biological tissue to a substance comprising contacting the tissue and the substance 
with an adhesive composition comprising an admixture of a protein and a di- or 
25 polyfunctional aldehyde under conditions such that a bond between the tissue and 
substance is formed. The substance can be a biological tissue or a synthetic 
material. 

In the method of the present invention the protein and aldehyde can be 
applied sequentially to the surface and mixed together in situ to form the 
30 composition. Alternatively, the protein and aldehyde can be mixed together to 
form the composition prior to its application to the tissue surface. 

In addition to the presently described cured adhesive and related kit and 
composition of the present invention, the present invention further provides a 
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combination comprising one or more tissue surfaces adhered together, optionally 
including one or more biocompatible device surfaces, by a cured adhesive of the 
present invention. The combination comprises a plurality of surfaces adhered 
together by a cured adhesive prepared from a composition comprising a protein 
5 component and a di- or polyfunctional aldehyde component. Preferably the 

protein component comprises a plasma protein and the composition is capable of 
being cured to provide a bond test that demonstrates a tear strength of at least 
about 75 g/cm 2 in a Tissue Adherence Test. 

Preferred embodiments of the invention are further illustrated by the 
10 following EXAMPLES: 

EXAMPLE 1 

Dry plasma solids were obtained by lyophilizing fresh frozen human 
plasma. Water was added to this solid to produce a viscous solution containing 
45% of solids by weight. This solutions was used as Part A. Part B was aqueous 

15 glutaraldehyde solution containing 10% of glutaraldehyde by weight. Two 
rectangular blocks of meat were sprayed lightly with B on the surfaces to be 
bonded. The surfaces were then coated with A to a thickness of about 1mm to 
about 2mm, and again sprayed with B. The ratio of A to B was 7 to 1 by weight. 
The surfaces were joined within about 10 seconds of the application of A and held 

20 in position until cure was complete, generally 15-60 seconds, depending on 
temperature and on the effectiveness of mixing A and B. 

Tissue Adherence Test 
To determine tear strength the glued rectangular block of meat was attached 
with clamps to a spring balance at one end and to a variable weight on the other. 

25 The weight was increased progressively until the bond or adjoining meat broke. 

Tear strength was recorded in g/cm 2 required to break the bond. Tear strengths 
were determined one minute after joining the surfaces, unless otherwise noted. 
Typical tear strengths for the above composition were 445 g/cm 2 . The strength of 
the meat itself serves to determine an upper limit of tissue adherence that can be 

30 determine using such a test. In this particular test, that upper limit is 

approximately 1200 g/cm 2 (identified as "1200+ g/cm 2 "). Although the upper 
limit in any particular test will depend, for instance, on the type of meat, the 
direction of cut, and so on, the values obtained below those upper limits are 
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comparable between various samples. Although such strong adhesives might be of 
less utility for use with soft tissue adhesion, they are particularly useful in such 
applications as tendon and connective tissue adhesion. 

When the sequence of application of A and B was reversed or when A and 
5 B were applied simultaneously or when A and B were pre-mixed immediately 
prior to application, essentially the same bond strengths were observed. 

EXAMPLE 2 

Same as EXAMPLE 1, except that a heat treated 5% plasma protein 
fraction (human) USP was used to produce the dry solids, and its concentration in 
10 Part A was 47% by weight. Adhesion was achieved as described above. Tear 
strengths ranged from 550-624 g/cm 2 . 

EXAMPLE 3 

Bovine serum albumin was dissolved in water to produce a solution 
containing 40% by weight solids, which was then used as Part A as described in 
15 EXAMPLE 1 to bond meat blocks. Tear strengths ranged from 514-629 g/cm 2 . 

EXAMPLE 4 

Human serum albumin solutions containing 40-45% by weight of protein 
were prepared by concentrating 25% solutions by means of dialysis. When these 
solutions were used as Part A in bonding as described above, the tear strengths 
20 ranged from 605-922 g/cm 2 . 

EXAMPLE 5 

When Part A was a solution with a solids content of 45.5% by weight and 
consisting of a mixture of bovine serum albumin and bovine fibrinogen in which 
the albumin constituted 90-97%, the resulting bond tear strengths ranged from 786 
25 to over 1280 g/cm 2 . 

EXAMPLE 6 

Synthetic vascular prostheses made of a Dacron(TM) material and 
prostheses made of Teflon(TM) material, as well as cadaver derived human 
vascular graft materials were successfully bonded to meat or to each other using 
30 any of the compositions described in all of the EXAMPLES included herein. For 
instance, the tear strength obtained with the composition of EXAMPLE 5 for the 
bond between beef and woven Dacron vascular prosthesis was above 890 g/cm 2 . 
measured in shear mode while that to a Teflon graft was 670 g/cm 2 . Similarly, 
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implantable medical electrodes coated with silicone rubber showed a tear strength 
of 1080 g/cm 2 using bovine serum albumin in Part A. 

EXAMPLE 7 

Part A, containing 30-32% by weight of human serum albumin was 
5 prepared from either fresh plasma or from stabilized 5% plasma protein solutions 
by ultrafiltration. When 50% aqueous glutaraldehyde was used as component B 
the tear strengths of the resulting bonds ranged between 267-335 g/cm 2 . 

EXAMPLE 8 

Part A was 30% by weight of human plasma protein prepared from 5% 
10 stabilized solution (USP) as described in EXAMPLE 7 above. Part B was 25% by 
weight aqueous glutaraldehyde. Parts A and B were mixed in a weight ratio of 10 
Parts A to 1 Part of B resulting in a mixture containing 27% proteins by weight. 
This mixture was immediately applied to the surfaces of two meat blocks and the 
blocks were joined. The resulting bond had a tear strength of 75 g/cm 2 . 
15 EXAMPLE 9 

When meat blocks were joined as described in EXAMPLE 1, but using 
47% aqueous bovine serum albumin as A and 10% aqueous glyoxal as B the tear 
strength was 333 g/cm 2 . 

EXAMPLE 10 

20 A specimen containing a high proportion of skin and adipose tissue was 

joined using as Part A an aqueous solution containing about 41% bovine serum 
albumin and 4% polyethylene glycol) of 15,000 to 20,000 molecular weight, and 
10% glutaraldehyde as Part B. The tear strength of the bond produced was 1300 
g/cm 2 . 

25 EXAMPLE 11 

The adhesive composition described in EXAMPLE 1 was successfully used 
in several surgical procedures on a 35-40 pound pig. The procedures carried out 
were applications of patches (without sutures) to perforated abdominal aorta and 
bowel, and hemostasis of resected spleen. The patches were cut from human 

30 cadaver pulmonary artery tissue processed for use as a graft material in human 
cardiovascular surgery. 
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EXAMPLE 12 

Part A was 47% bovine serum albumin. Part B was prepared as follows: 
methyl glucoside (0.5 g) was dissolved in water (4.1 ml) and oxidized with sodium 
periodate (1.0 g) in the presence of sodium bicarbonate in an ice bath during 45 
5 min. The products of this reaction are known to be a complex dialdehyde in about 
10% concentration by weight, as well as non essential salts. This solution was 
used as Part B without purification. The mixture cured to a flexible bond in about 
one hour with a tear strength of 320 g/cm 2 . 

EXAMPLE 13 

10 Same as EXAMPLE 11, but using trehalose (0.5 g), sodium periodate (1.2 

g) and sodium bicarbonate (0.5 g) as reagents dissolved in water (4.0 ml) in an ice 
bath to produce Part B. This product is known to contain a mixture of complex 
di-, tetra- and polymeric aldehydes in about 10% solution, along with non-essential 
salts. Tear strength after one hour was 245 g/cm 2 . 

15 EXAMPLE 14 

As in EXAMPLE 11, but using sucrose (0.5 g), sodium periodate (1.0 g), 
sodium bicarbonate (1.0 g) and water (5.0 ml). The resulting product solution is 
known to contain a mixture of complete di-, tetra- and polyaldehydes in about 8%. 
Resulting bond strength was 364 g/cm 2 . 

20 EXAMPLE 15 

The solid mixture obtained by lyophilizing egg white, and consisting 
predominantly of ovalbumin, was dissolved in water to make solutions with a 
solids content ranging from 44.0-44.8%. When these solutions were used as 
Part A in adhesion studies using 10% aqueous glutaraldehyde as Part B, the tear 

25 strengths obtained ranged from 255-339 g/cm 2 . 

EXAMPLE 16 

Bovine serum albumin (BSA) was dissolved in water in the concentrations 
shown and used as Part A. Part B was 10% aqueous glutaraldehyde. The 
following tear strengths were measured: 
30 Weight % BSA Tear Strength fgm/cm 2 ) 

25 <50 
30 <50 
35 100 
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40 514-629 
45 610 
50 96-557* 
Too viscous to spread evenly. 
5 EXAMPLE 17 

Plasma-Plex®, a 5% solution of human protein fraction (USP) was 
lyophilized, the resulting solids constituted with water to the concentrations shown 
below, and the solutions used as Part A. Part B was 10% aqueous glutaraldehyde. 
The following tear strengths were observed: 
10 Weight % HSA Tear Strength fem/cnrt 



15 



35 


<50 


37 


163-257 


41 


250-381 


43 


358-413 


45 


423-567 + 


47 


550-624 


51 


400-527 + 


53 


338-500 


55 


85-390* 



20 + Indicates that the substrate tissue tore rather than the bond. 

Too viscous to apply evenly. 

EXAMPLE 18 

As in EXAMPLE 17, but using solids obtained by lyophilizing fresh frozen 
plasma gave the following tear strengths: 
25 Weight % HSA Tear Strength (gm/cnrt 

30 136-269 
35 486 
40 550 + 
45 544-445 + 
30 50 278-361 
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55 150-226* 
60 -Not soluble- 

+ Indicates substrate tissue tore rather than the bond. 
*Too viscous to spread well. 
5 EXAMPLE 19 

Mixtures of proteins can be used in the concentration ranges of the 
invention for Part A. For example, bovine serum albumin (BSA) and bovine 
fibrinogen (BF) produce an excellent adhesive: Total solids (mixed) 45.5 weight 
percent. 

10 PERCENT BSA PERCENT BF Tear Strength (gm/cm 2 ) 



97 3 708-1280+ 

93.3 6.7 797 + 

90 10 786 

80 20 736-237* 

15 + Indicates substrate tissue tore rather than the bond. 

*BF not fully soluble, solution is rubbery. 



Mixtures such as these, for instance having 93 parts BSA to 7 parts 
BF, at 45-46% solids, particularly bonded aggressively to Dacron(TM) and PTFE 
at strengths of 890 + to 1200\ 

20 Generally, good bonding is achieved either by applying A or B first or 

simultaneously e.g., from a dual nozzle. Also, methods of mixing in sity provide 
good bonds. Parts A and B may be applied in sequence, B then A, then B; or A, 
then B; or simultaneously with mixing on the surface(s) to be bonded; or through 
a catheter or catheters; or via syringe or similar device immediately following pre- 

25 mixing. 

While this invention may be embodied in many different forms, there are 
described in detail herein specific preferred embodiments of the invention. The 
present disclosure is an exemplification of the principles of the invention and is not 
intended to limit the invention to the particular embodiments illustrated. 
30 This completes the description of the preferred and alternate embodiments 

of the invention. Those skilled in the art may recognize other equivalents to the 
specific embodiment described herein which equivalents are intended to be 
encompassed by the claims attached hereto. 
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WHAT TS CLAIMED IS: 

1. An adhesive composition comprising an admixture of a plasma protein and 
a di- or polyfunctional aldehyde. 

2. An adhesive composition comprising an admixture of a globular protein and 
5 a di- or polyfunctional aldehyde. 

3. An adhesive composition according to claim 2 wherein the globular protein 
is an albumin. 

4. An adhesive composition according to claims 1 or 2 wherein the adhesive, 
when cured, has a tear strength of at least about 75 g/cm 2 as measured in a 

10 Tissue Adherence Test. 

5. An adhesive composition according to claim 4 wherein the tear strength is 
at least about 400 g/cm 2 . 

6. An adhesive composition according to claims 1 or 2 wherein the protein 
component is present at a concentration of between about 27% and about 

15 53% by weight, based on the weight of the composition. 

7. An adhesive composition according to claims 1 or 2 wherein the aldehyde 
component is present at a concentration of between about 0.5% and about 
5% by weight of the composition. 

8. An adhesive composition according to claims 1 or 2 wherein the aldehyde 
20 component is a dialdehyde selected from the group consisting of glyoxal, 

succinaldehyde, glutaraldehyde, malealdehyde, and phthalaldehyde. 

9. An adhesive composition comprising a sterile admixture of a proteinaceous 
material and a di- or polyfunctional aldehyde. 

10. An adhesive composition according to claim 9 wherein the proteinaceous 
25 material is a plasma protein. 

11. An adhesive composition according to claim 9 wherein the proteinaceous 
material is a globular protein. 

12. A kit comprising a first container means having plasma protein disposed 
therewithin and a second container means having a di- or polyfunctional 

30 aldehyde disposed therewithin. 

13. A kit comprising a first container means having globular protein disposed 
therewithin and a second container means having a di- or polyfunctional 
aldehyde disposed therewithin. 
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A kit according to claim 13 wherein the globular protein is an albumin. 
A kit comprising a first container means having a plasma protein 
component disposed therewithin in a concentration of between about 30% 
to 55% by weight, and a second container means comprising a di- or 
polyaldehyde component disposed therewithin in a concentration of between 
about 5% and about 15% by weight, the protein and aldehyde components 
being present in amounts sufficient to allow the mixing of one part by 
weight of aldehyde component with between 5 and 60 parts by weight of 
protein component. 

An applicator for delivering an adhesive composition to a tissue surface, 
the applicator having a proteinaceous material and a di- or polyfunctional 
aldehyde disposed therewithin. 

An applicator according to claim 16 wherein the applicator is a syringe. 
An applicator according to claim 17 wherein the applicator comprises first 
and second separate compartments, the proteinaceous material being 
disposed within the first compartment and the aldehyde being disposed 
within the second compartment of the applicator. 
A method of bonding a biological tissue to a substance comprising 
contacting the tissue and the substance with an adhesive composition 
comprising an admixture of a protein and a di- or polyfunctional aldehyde 
under conditions such that a bond between the tissue and substance is 
formed. 

20. A method according to claim 19 wherein the substance is a biological 
tissue. 

25 21. A method according to claim 19 wherein the substance is a synthetic 
material. 

22. A method according to claim 19 wherein the protein comprises plasma 
protein and the adhesive, when cured, has a strength of at least about 75 
g/cm 1 as measured in a Tissue Adherence Test. 
30 23. A method according to claim 19 wherein the protein and aldehyde are 

applied sequentially to the surface and mixed together in situ to form the 
composition. 
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24. A method according to claim 19 wherein the protein and aldehyde are 
mixed together to form the composition prior to its application to the tissue 
surface. 

25. A combination comprising a plurality of surfaces adhered together by a 
5 cured adhesive prepared from a composition comprising a protein 

component and a di-or polyfimctional aldehyde component, the composition 
being capable of being cured to provide a bond test that demonstrates a tear 
strength of at least about 75 g/cm 2 in a Tissue Adherence Test. 



10 



INTERNATIONAL SEARCH REPORT 



Inte. .lional application No. 
PCT/US93/06375 



A. CLASSIFICATION OF SUBJECT MATTER 
5) :C09J 189/00; A61K 37/04 

CL :106/125; 527/205; 530/380, 829, 830; 523/118; 156/349 
A . - ding to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 106/125; 527/205; 530/380, 829, 830; 523/118; 156/349 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



x 

Y 



J. Cardiovasc. Surg. Vol. 31, 1990, (BACHET et al.), 
"Surgery of type A acute aortic dissection with Gelatine- 
Resorcine-Formol biological glue: A twelve-year experience", 
pages 263-273. See the second paragraph on page 264, 
column 1 . 



ENCYCLOPEDIA OF POLYMER SCIENCE AND ENGINEERING, 
Vol. 1, "ADHESIVE COMPOSITIONS", pages 547-577. See 
page 553, line 43 to page 554, line 46. (JOHN WILEY & 
SONS) 



9, 16-19, 21 
23-25 



1-8, 10-15, 20, 
22 



1-25 



| x| Further documents are listed in the continuation of Box C. | | See patent family annex. 



Special catefories of cited document!: 

documeaideftnmj the (oaeral stale of the ait which ia not considered 
to be part of particular relevance 

earlier document published on or after the international filing dale 

document which may throw doubts on priority ctaimd) or which ii 
chad to T-** klUK the publication date of another citation or other 
i <aa e p e cifi Vd) 



document icfcrrint 10 an oral dbclosure, use, exhibition or other 
document published prior to the international filing date but later than 



later doament published after the mtcnariooid Hung date or nriority 
dale and not in conflict whb the application but cried to understand the 
principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive itep 
when the dortimrm ■ taken alone 

document of particular relevance; the claimed invention cannot be 
considered lo involve an bvenove step when the document it 
combined whh one or more other mi ' 
being obvioua to ■ penon skilled in the art 



■A* 



ofthei 



family 



Date of the actual completion of the international search 
01 SEPTEMBER 1993 



Date of mailing of the international search report 

24SEP1993 



Name and mailing address of the ISA/US 
Commissioner of Patent* and Trademarks 
Box PCT 

Waihington, D.C. 20231 
Facsimile No. NOT APPLICABLE 



Authorized officer 

JEFFREY MULLIS 
Telephone No. (703) 308-2351 



-fa 



Form PCT/1SA/210 (second shect)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



Inu. ..ational application No. 
PCT/US93/06375 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US, A, 4,627,879 (ROSE et al.) 09 DECEMBER 1986. See 
column 2, lines 29-45. 

US, A, 3,395,106 (CURTIS) 30 JULY 1968. See column 1, line 
58 to column 2, line 15. 

US, A, 2,597,228 (CORNWELL et al.) 20 MAY 1952. See 
column 1, lines 10-56. 



1,2, 4-8, 10, 11, 
13-15 



1, 2, 4-8, 10, 11, 
13-15 



Form PCT/ISA/210 (continuation of second sheet)(July 1992)* 



